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(54) MATCHED FILTER AND SIGNAL RECEIVER 

(57) Abstract: 

PROBLEM TO BE SOLVED: To make a circuit scale 
small in a matched filter of an analog addition type 
which uses 1 bit of a diffusion code. 

SOLUTION: An analog signal is A/D converted and 
successively stored in a register group of two systems 
of data registers R11 to R1n and R21 to R2n. An output 
of each of the data registers R1 1 to Rin and R21 to R2n 
is selectively inputted by selectors SEL1 to SELn to 
exclusive OR circuits XOR1 to XORn, the exclusive OR of 
the digital data each bit and the diffusion codes ml to 
mn is calculated, and its output is analog added by an 
analog adder ADD. 
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mIfBg^ft!ietJi^3Sffi|Hl8&®ai;t;Sr*DSC-r 5 T:^n ViuUm 

III IBii® X' 5=- H 7 -f o 

b T JK- W {c miSB A/ D Mmmmf} ^^Thts ^oiztji 

HulBg^fl!ie<]iiSffiiHiss{c««&t--5^i!{7=^-^^iil?*: 
hr?>^oi,zmm^tix^^^:it^^m.t-r?>mm 

ti y ^izjiBi^xmrnA/Dm^ma^Hitiifixti^ti^iy 

{li t)^fi)&^^^TV^s:^i:^iHf^i:■rSH^^fB^*JS l $> 
[tl*JS5] mItBA/D^t^||ttmifB7':^n<yA;b« 
H>ifBgfftefi^^aW[HlE&l±> But37^-^t&*^^¥IScD^|gt 

[if «ii 6 ] mtmrnm^^mtm^commT'—S' ^ 

J: o c ^ ^nr V > s c h s^t^ h f 5 HuiBif 1 s 
[g»*Ji-7-]- mmmmm^^miiv mtmmcDmmT 
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mllBT:^ D ^/AD^lHlESti. mllBg^fteetJi^SWlHlSSA^ ^ CD 

iOT-iDP-r 5 <fc ^ t^fiK^tvT s d r Hu 

fBftsRJl 6 IBfcCDv K 7 , 

IS7'-<S7m?iJ<S:aS?fl<]{::l5l3g^ffeS<]^aWEIK(-«.l&r 
v> S d i: t -r 5 BulBif *il 1 afe {i 2 IBIS® v 

{m^m 1 0 ] mm.(0mtmm]mm.mm^(Dnif3\z 

-<;u«£E ^ mJlBT':^- D iflymmmz ^Xoiztt.:^ 
ti-ri^ S c: t f S mflBif 1 l^tt 2 i3« 

[ft^iSl 1] Su■H37':^^</i^fflHlSS^±, HulB^g^flli 

e<]iraa?n[iis&A» e. ai;^^ ti sfi^® d *> © 11— i5i± 
[iS*iSi2] tuf37':^-D^iagip]g§ji, HuiB^g^ffe 

m 1 Jfe-2)V>tt2|3«®v>v5=-K7-i';U^5'o 
[it*ill 3] Hul3iD»l§*5J;l>-a^^<t^*Di[i§tt> 

^(Dmmm^(Diiitjifixtj^ms.^mm^x$)-:>x. 
'^(DXtiitiiz'i^m^'^^^iy^ y:^t^mm^tirzS.mm^ 

A;ti{f ^JdPls, s (iSi^ft ^iaStf S b j:^ ^J' 

$nfeSteti*i^i:^*-r5 d i:^^^^i:-r-5tfiI3W« 
111 'l$,5^,^{il 2f3«c®^<;'5^H7^;i/^'o 

[it«ii 1 5 ] mMiRmmmmii^mwimmmm^ti 
i:-rsH!ji3if*ia 1 sS'Sv^tt 1 4fa«j®v^yf^ k^i- 

^ t3 W^nTVV§-d t^WMt-r5SfFl3l»3^« 1 3fe 

50 [w*iH7] m^Iaste^i♦a^^±^1~^El53i»^cD^i^^c:^s 
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i:-r5mil3ii5l<iil 3$)5l,>tt 1 4bH«6CDv<v5=- f 

[ft *ii 1 8 } simm^^mii^mLtzm^ tufy 

JV^ ^'J>tit < 1 4»fix.fcD s - c DMA:^^ms^^m 
IfliBifiSst^St Lfefi^^T^s; ^J' MS^(;i^JS-r S A/D 

t. 

mmmm6fommm^^(Dmt] ^tawt hT±u ^tmm 

So 

[if ^li 1 9 1 mmr'—i^mi^miimmmmmif e> 
HijfB A/D ^j^if ttSfgff ^cD^ yyu—h commmoD 

m 1 8 iBfficfs^sfi^ao 

T- fi ^ U - ^ ti S CI h -r S Huf 3i»«iH 

1 9 mmom^^m^Wo 

immn 2 1 ] mtmrnm^^mt. v >v5^ k 7 ^ 

So 

mmcDX^-fy"^ yirmm^tim^s mM^^y^\'y^ 
III 8B3«©fS-^SM^B, 

CO 0 0 1] 

J;mi-9S/S^at:^?), mz. D s-CDMA-fe;i'7 



tcR-rso 

[0 0 0 2] 

e, P NW^^&fflV^T^£i!C^ 
M ^ nt®^ i; mla 3 P N^-^ i: M ^ i: o T2»tel!( 4 

^ v^As^gH}g[g[^ll^T■r 5 < ®^.p^^£te>^i:■r 
;ejS{ciggiji!is<£^fi=-r5:ii;AST-^5o 

[0 0 0 3] -)8S(;, v>i'^K7-f ;i/^i:bTtt, CC 
D (Charge Coupled Device) -^SAW (Surface Acous 
tic Wave) 7 ^ffl^,^&^0. J&SV^Ji, 

20 I c[i]ie&ci5*)0)Ecif*s^ae.nTv>.5o sfc. ^ttjisi 

0 6- 1 6 4 3 2 Q^{im) o eLCDVu^f^h-^-c;!/^ 

izmikv-yyjv-t^-jvh'Lxmmi'. ^^T^-^s/ia: 

:fe J:l>-;^»S®fflllJ'»^&llfTt-5 ^ i: T- ^ 5 ct a C 
30 bfc*)CDT-J&So 
[0 0 0 4] 

[^BSA^^tfebiofct-S^S] bA>b^£ASf>s fijxfib 

fz-^^y^y^y ^ ji/i^ii, mi!bx^<(DT±ti'if ' vyy 

fco 

[0 0 0 5] 2|s#eH^{±3®J;o'5:$;e3fe(DP^M;S<l:M?i-r 

oole]gSM^4>ci|it:«i/>bff K^-f 
40 tt-r?>:it<£e«i; bTV^So Sfc, ±Vi-7^y^h'y 

«5*i«-r s c set) h bt ?> o 

[0 0 0 6] 

mm^mmr?>rzisb(D^m] ±s5So^^m^r?,rzib 
y=i^'$> Msmzmmr^ A/D^^^ts SuIBa/d^ 

i:> mm7'~^mm^m(D^mizMm\yxmi^/bn. m 
50 l37'-^^&^rt¥^mo^lat^lrt^nTv^57'-^'i:Hf^l3 



5 

CO 0 0 7] HtjtB5=-^^&lrt^©tt. HUB3A/ 

^ t D^^S UTiR- W{c mlt3 A/D ^J^^Ul;^; ^^rniitr J: 

-f- > 7" U >y ^ D \z^. DThuIB A 
fiic^nT* ^ , Huf3*i![tt*&*©{d:^^^8!l7^-<5' 
{csfe, H^Ifl3A/Dig^i§(imIfa7':^D>/A^^©■^?fc^ 

[0 0 0 8] ^ e, Sfe. Bul3*IS«iS&^|gl±«i!f®* 

fc> HJii3«iS«^*©{±s mjt3«isoi&«fl-rs^is*^e. 

$&-rs,to{3)&^nT*t)> B58BT-^-D^^Jpfi[|H]^(l, 
Bua3Pf&fi<]^SSl[H]E§A^ e.©mil3^it®^IS7^-:J'IR?U 

[0009] ^^tisfe. mjfBil^ffee<]iHSSi[HiMi±g^ffe 

'^^i^mE* 5 1 ^ J±fS 1/ ^ mi 13 Ti-v ^mwm 
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pen® ^ Si»^{^ »t Ad© -r s fii^^f^ # i D»:|§ *-r 5 
[0 0 10] ^e.{3$fc^ mmmm:is^um^n§m 

^-^i:. c®gM$g-&®aj;t;*5A;t;^tiSMteti*mT- 
SteJi(iSi:S:>fr-r5*)®T'$)So ^?>{3*fc, tusB^D 

7.m-^<Diiitit^x:^^n^s.mi^mmx'h^x. ^®a 
*?ijs^ii^^nfcCMos-i' y/^-^izj;: ^mm-^nxu 

5*)®T-j65, HaiaSteti<iiSi±MOS^ 
«;Ji*i^t:j:?)«j5£^nTV>S*®f$.So ?6t3S 
fcs BuieSfeia*i§§fi^1.a5A>5.®«^{c^&i:T^U-:^ 
ffi i: 5Se S <t a ^ n T V ^ ® T- $> S o 

[0 0 1 1] ^^^B^®e^sfg^s(i> s 

mm^^mi^m^Ltzm^t i tr^;/ h®t£i!c^^^?iji: 
®fflMiiSt^sifT-rs^>;'5=- h-y'{ji'^^'ptj:<tiim 

X. D S - C D M A;^S:fflff ^gfS^ST- o Ts buIB 

v>>^ h-7-i';i'^J'tt, Hril3ia3Sti^?gcbfcft-§-&7^s^^;u 

«^{C^g|-r5A/DSJ^^J:. HUlBA/D^gin*>?, 

mm (Drnmn'^mm ^mti-r^y mm.^^^^ 

Huf37^-^5'^&^rt¥^^Si®^lsc;:^^c:^b■riglt?>^^^ m 
iif'—'S' m-fi^$Si(D^^i,zmm^tix^^?>^-'$' tmM 

mmmmm^i-^tix^i:). msiA/Dmmmits:mm^ 

TV>-5*®T-afeSo 

[0 0 12] ^^{d^fe, m$iT-f-xj ifmm^m^i. v 

-f ^><5'T'fix>J-:/ttffii:^ns*®T-$)-5o 

Bul3«^tt*&¥^iai±. x'>y5=-K7-i';i';5'®HJ;^;® 

nm\^-^<D^^ X y^yznmth^^\zmmt^y 

n5JSi!c^-^m!?iJ*tH*t--5 ct a t :fe^nTV^ 2. ®T- 
fei)V^ lf^l3AZDiSMt§®tB*AsX;^J&■^^ 

^m.m(D7.^^y'^yymm^imx.s mm-^^y^v-y 



7 

> i'ta M^Sffl V^T Sff Srfr o i ^ >5: $ n-C V ^ -5 ® 
Tag. So 
[0 0 13] 

^*5fflV^e)^^fcD S - CDMA-b;i/5'i/;^7"ACD{i-§-§ 

;i'^T-fef), milBia34t^S[lElESi*^e.D— lO 

©fM^^Mi£t!ct-5o v>y5=-F7'<;i'^J'3 l*J:t5 3 2 
A»?>®ji*i£t!ctti:t;tt> ■y->7';i';^-;uh-(Hll^8 U 8 2 

[00 14] U'<;i'1^tmHlS&4JimilBv>^^b-7-^;i/<J' 
3 l*^il^•3 2ii^^(Dtiitim^(Dmti^mtii\^A/-D^ 
mLxmfjt^o c:cDL/-^;i/t^ailB]S&4CDtt5;f3ii. y>r 

fCA:tj$n> ^t:-^t^m[iISS6{::<i;^Tm«®L/^v> 20 
iiLm (iu.m) (c^t)-B-fcit>>^;i'7h-;i/HiHlsS8 l. 8 

ESS 1. 8 2{CAt»^tli)^i:i:'&:5o 

tim--timWrf^yf-Yy-()VifZ 143it>*3 2 A»e.®jS* 30 
li£t!tai;'7S:1t>7';i/*-;uKb. ^•9->7';i'7h-;u HID 
ESS 1*5J:IF8 2©Hl;^(±|l]^t^«?(5]|g9T-|B]Wt^^gi^ 
b-^!^^fiR[H]ESl OT-^'-f ^ >^'^-&t)-a-TU-^' 

'^^-^ixfz.-^s. mt}-<y^-7:^y. (i/F) mssip^ 

ap7'-^5' (D a t a) bTffi:t/^nSo 
[0015] 02 (iMIB^ Yy^Ji'^Zl *3 iUf 3 
2O-|ISE®ffJ,^O«J5e<&^-r7'D<;/^0T-feSo C:® 

Ain (01 C*>{t5lRlffl^S^*fcttiS3Sfi!4^) 
^nSA/DlEJSS (A/DT-^^x^o ) SrWbv A/D 40 
'^l^l§®tH;t;li7^-^b>';^^^JR i l~R i n:fcj;t>* 
R2 1 ~R 2 nt^^J{CA;^;$nTV'>i.o y'—'5'\yiyy^ 
^?|JR 1 1~R 1 nli^D>>^'CLK 1 {CiUffiiJffll^ 

MSS*J(c:R1 1~R 1 n®ai^O'/^TnA^ 1<E07= 
-iJ' u ^' AsSuiB A/D ^g|floai;t;$rlWitf i -5 1: 
^C^^^TV^5o huIBt'-^J'U vJ^^iJ'm 2 1 ~R 
2 n<±SulB^' xiv^ChKl h^mm^iLmi^^'^y Y bT 
-V^^B20^>D-i'i'CLK2-tcfe?5 W^nT*3t); M " 
Se^JtR 2 1~R 2 n®ot.®V'«fnA*lf@©7^— 
i^X^ASgj|3A/D^Jfef|®aj;t;^mjitri^t:&^n 50 
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[0 0 16] 15137=-^ Ui^;^<S'?iJC^^^£;bT^ -fel/^ 
^?|J S E L 1 ~ S E L n. ^ffeW^SiSllHlES^'JX O R 1 
~X0Rn4SiS;»te>n^ mmy"-^ \yV7.S'R \ liiR 
2 10tB;^7J±^JiB-r2)-bL'^^^'SEL U;. Ui'JX^J'R 
1 2i:R2 2®ttJ;'3{±>i^/^S-r5-lrl/^^ SEL 2iC, Jii 
T|Bl«(c:bT> Ui^J^^J'R 1 ni:R 2 nOtii;>3{i-feU<^ 
^J' SE Ln(CA^;^tlTV>5„ ^-kU^^SELl~S 
ELntt. ^D>y^CLK3{Iit)M®^nv huIBt^- 
<5'l/i^;^^R 1 1~R 1 nSfe(iR2 l~R2n®7'- 
^t^^—m^\!Atl^fl^o C:®^^D<y<5'CLK3li. tfi 
IB^D C LK 1 (a&5V^{iCLK 2) tlBlKBUfeM 
^T-fe?)^ fi«J^{f> CLK3*SyN-f cr)i:$HulB7^-^U 
i;;^^^JR 1 1 ~R 1 nCT^— ^SrjiJRUs D— ®t§ 
.R2 l-vR 2 n®7^-^'$:StRbTm;^-r-5ia(c;7S^ 

[0 0 17] ^-trU^'^SEL 1 ~ S E L noai:t;li^ 

n-en?*^5 UTaStt^nfeg^ffesgilits^niHiEsxoR 1 ~ 

X0Rn{;A;'7^tl5o S^ftetJitSWlHlESXOR 1 ~X 
ORntt. -en^tl#7=-^'UvXii'®^!g(tf>y h (L 
SB*>^MSB*T-) tM/S-r?.|gSS:^D>i'^T*feSo 
mii3j#ffe6<]^afil[HlKX O R 1 ~X 0 R nO^fb:^® A 

\ t:^/ h®ffiS5c^^^ml~mnASA;^^nT*5 
?)> ^S^ffee<J^SiWlHlESXOR l-XORntjaV^T^ 
=&'^?!fii£i-rSmil3-fel/i'^ S E L 1 ~SE LniP?)®?^ 
i^<5';Hb^nfe7':^D^'A;^^^a^®^IS07^-<5' 
. tr h s ) i:li£t!c^^m?ij®^ic;-r t: h m l 

rij ®i:ts mmjmmmi.^^*}T^vifxtim^(D 

ml~mntt. buIB^ n >y ^ C L K 1 (afe5V>{iCLK 

2) }im^\^xmMi^y y {y-^-ommmmimmmMm 

XOR l~XORnt:EPio^n5<i;o{c:55:$tv-ri>-5o 
mlsBg^ffeetJ^SWlHlESX 0 R 1 ~X 0 R n®m;^ a 1 ~ 
a n^±T:^D yil^i >3 SiDffigE&A D D t A±f^ 

~X0Rn®^a5:^a 1 ~a n®j!iaMCJS|g:Ao u t Srtti 
^■r^o CldT*, mifB^^ffeWMSSia^XOR 1~X0 
Rn®ttS;tj{iT^i;<$';i/7='— ^T'2fe C07^i7^;u®A 

ESADDT-JDSCLTs Tt^D i^®in»i^mA o u t 

[0 0 18] :icD^oi.zm.mm'^-r^^n^x^^^^ 
b:t«^{3j±itbT[HiEss^{i'j^^<'5:f3. mnmti^ 

mmthz.ht^x^i,o MffJ^g^®i^itliT:^^ 

5o ^fe. h b-rv^S^D>;/i' 
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fft)?iv^ig-&^::{±^ miiy^—^i^i^^^nR i i ~R l 
nfe?)V^^iR 2 1 ~R 2 nCDl^-r^^A^— ;)^;ef^ ^a&Jt, 
gfllB-bl^^^^SEL l~SELn$:^lilS-r5C:i:AST-^ 

K 7 >f M F ©g^ffee^J^SWlEl^X O R 1 ~X 0 R n 

Zm^omWl^t^^'^'CAL-REGl. CAL-RE 
G2{; i^Tfrfctls ^ne.Uv;^^{CliA;t»l/i>*;^<5' 
INP-REGK INT -REG 2 ifi^tl^nmm^ 

-t^KtsVi/:^-^ I NP-REG i43J;yf INP-RE 
G 2 i^:^ ^J' C A L - R E G 1 *5<t tKC A L - 

REG2(3^n-ente3e^^nSo 0^t-5J;d(;:?ii«c^ 

i^;:^^ CAL-RE G U C A L - R E G 2 

^i'i' CK®<5''1' ^ >^li> huIBt^— ^l/i^^^'ASHuSBA 

[0 0 2 0] aStl^i^^^CAL-REG l*DJ;i;fCA 
L-REG2rt®^7^-^<i^n^tV*f^S1-S(iiffl • V 

;i/5^^^^^-y-PMux i^'iti^PMux 2c-€-n-?nA 

:*j^tiTV^5. ^tfiffi • x';i/^7'U^>-tJ-PMUX l^jj; 

?;^p M u X 2 tt^n^n^-r -s i^;^ c A L - 

REGl. CAL-REG2®7^-^E^J&^®SS, 

(Dy^-^m^'^^^\!d>ts-r^. Steffi • x-^Uf^T-p^^ 
■9-PMUXl. PMUX2©|±i;t;«±Ui;;^^ ■ x';i/^7' 
V^VRUX5X\ZXti^tl. CAL-REG 1 SfcttC 
A L - R E G 2 ®tH:*»*IR-fl«]{CM U X C N T i: UTfcB 
;'j-rSo dOtBijMUXCNTIi, wMmWiv^-^ml 
~mni:bT^ mifBS^fliiWfraSffilHlSSXOR 1 ~XOR 

;i/^7'u^>-9-RMUXSW?3#x.5c:i:CcJ:!3. HtflBS^ 
fteWlBSftllElS&X 0 R 1 ~X 0 R n43 ctt>-Hul3:?':'-n 
^DffIe]SSADDC:feV^T^ Mff 1^ ^ C A L - R E G 
1 *5 J;t>-C A L - R E G 2 {Ct&iM^nT V> 5&S!c^f 

[0 0 2 1 ] Z(D^oizmmi-^:Ltizj:f). 'mi^m 
miz i ^ r ; 1 ly y 5jf-;i/JiJ.±CD:ljliM/t;:^ ©Sa, - 

oltEii^tL-ri^S. ■r3&t>*)s mlfBA;^;Ui;;^^ I NP 
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- R E G 1 *5<J;tJf I NP - R E G 2 t |b]— ©ffi^^g^^lR 
?!j*A;'jb> HutBlH^l^i^;^^ GAL-REG la&5V> 

i±cAL-REG2 \z-ii\^xn-&mi \yr h'ttz.^WM 
^mm^mmi^y v^-^xmtum • -^ji^^yui^vp 
MUX i*j;i>*PMux2s ui^p.i' • ^)u^yu^v 
RMvx^■ffLxmimmmmmmmmxoR 1 -^-niz 

A;tJ1-Sc:i:{c J; t)^ 1 i^>5i^;m±OS3l®>'i;^®ft 
^&mifi°5miltj^^o HutBI NP-REG 143J: 

ufiNP-REG2 izmti:^ihm.n^m^iii^^-r^ c 

[0 0 2 2] ^T. ^(DX'oizm^^ium.n^^m^^x 
mmmw^fj'om'^iztt. cal-reg loistjc^-^ 

i S M t:- ^> i: C A L - R E G 2 Oii£fi!c^?F^ t <t 5 

EI5^#BibT> ^©^^SrSiB^-rS. I1|5^;43^,^T^ 
(1) 1 ©l£i!c^^^ (=J-K1) {3*ft- 

X ^mm^<Dm. ( 2 ) i*^ 2 ©jsiit??-^ ( - h- 2 ) 

20 (c*jv>Tx Ts(±i ->>^;^iilS9$:^bTv^5, 

t:nt-rio{-> =J-h- 1®^^::^ 1 (Pi).>'t;^2 (p 
2) i3it;^rj-h-2 0/^P^3 (P3) tt^tv^ns^s 
iJ''f ^ >^i:^^TV15A^ =3-Kl©>i;:^4 (P4) 
i::3-K2©yix5 (P5) iS^-f = v^/h^fc^T 

[0 0 2 3] ^3T-, :*:^BjOmJl3{4ffl • v';u^7'^<!7 

tfPMux i*5<tt>-PMux2ii, mjKE©J:-5c, -en 

■enM^&f -5 ftffU:^:^^ CAL-RE G 1, CAL- 
RE G 2 ©■r^-iJ'SB^Jt:^©* fe5V^tt^©itHfi 

30 (i^yymmm) ©®«2^7 b«^©-T^-^E^ij<&^ 

■ ^;U5=-7'U^J^-y-PMUX l*SJ:tJ«PMUX2©«fie«?iJ 

^^N-ryo ^/^laT-feSo :i©Ei(c^-rid{w, {Sffl • 

v;U5^ 7" U ^> -tf P M U X UiJSS U V ^J' C A L - R E 
Gl©^9]fie (t^-^D IT-rN^-o ) i:^2|g (y'—S'D 
2T-^-r, ) {3M/^;b*:2A;^ lt±S;f3©7^-<5' • 
7"^i/-y-DMUX 1. ^2|gi^^3|S{;*fJ5Bbfe5=-<$' 
• ^;i/f^7'K>-y-DMUX2, ^ (n-1) 
ftiSliet-*fJS>b&7'-<5' • ■7;^■?■7'^<^-t^■DMUXn- 
40 1, miShliUStcMJSbfeT^-^' • v;u5=-:7U;>itD 
MUXn©n<i©7'-^ • ^;U5=-7'L/ So ^ 
bTx Ztl<by^—^-^J\^^y\y^V-DMUXl'^I)M 
UXn<&«J0#x5^htJ:f3, HUBB?1IWUi^;^<5'CA 

L-RE G 1 {3i&ifjs^nTv->s&s5c^f^iR?ij*j:t>''en 
* 1 -mMz^y V y^tzfkm^mm^xmtmm • v 

;u^>'u^'1fPMUX 1 {3ttif&-rsc:fc*sT-$-5 
ta-^fix^^^o 

— [0 0 2 4 ] f'St)*); buIBt'-^S' • v;i/^7'l>9-9-D 
MUX 1 ~DMUXntt> mllBEl 5 t^f P 1 ~P 3 O 

50 xy-if(D^oiz\^-'!7m^(Dtii\,^m^(Dmmmw-x 



11 

l&iSift^tlTV''SD 1 ~D n$r-en^ntH;^U EI5CDP 
[0025] 05(D (3) lis mUBl/i^;^^ • 

. 1/ 1^- R M u X n ?> mmm^<D * ^ -r 0 t- 
• ■^;i/^7"u;^-y-RMUX(±BfiiB(35;*a • 

(n-Hi) ifimm^nm*). mmm2(Dm 

m\yiy>7.^ CAL-REG2iZitmMm2(D^— H 
-H2) AS^&«^nTV>5*,©ii-rS. 05® (3) 
iotc, mFtBn— H l©v;u^^^;^p liJiU^P 2 

Htlia Vi^T.^ • T-i/^^-y-RMUX iimJlBSiat u 20 
;^cJ'CAL-REG 1 ic^Stt^nxv^sn— K 1 ^fcB* 
fS. dCDfc^. BUfBffiffl • v;L'^7'v<>'-9-PMUX 1 
rtOmilBT'— ^J' • v;i'5^:^u^-y-DMUX 1 ~DMUX 
n(±. mitB?1IP^i^;^^CAL-REG 10liia^*^?>« 
^?ISK:^Sif.rt^^^T^^-5D l~Dn^^©$*tH±i-r.S J:- 

[0 0 2 6] miSBn— H 2cr)-7;i/5^/i;^p 3 4b"J: 
w^p so^-r ^ v^'fc^d ctaccBufBffiiJfflifi^^D-^ 

m§^jv^yiyi^v-PMux2^mm-r^j:.oizwr}m 

U>';^^'CAL-REG2 iz^t^^ tlX^.^ 5 3— K 2 {3 

-'ixp S©^-!" 5. >^/tt, =3— K 1 1 ii) x';u^y^;^p 

TS^ib^^ttll^^e)5^v^o ^cit% c©0!i-c«±. mriB 
n-H 2{cis x';i/5^y^;^P 5©Sff © i f=->y 

fro. ::<Dt^s =3-KU n- H 2 ©Mg|gC{C:fcMj--5 40 
7^-^'©tt^^i|BI-T-5S^tl^{i5S^^v^©T^ miflBteffl 
• v;i/^7'^i'-9-PMUX 1 [*i®HufB7^— 4^ • -^Ji^'^y 
U^^+t-DMUX l~DMUXn^^#^Ts 15=->v7'>e 

X 2 {imilBfiffi • x';i/5=-7'i/^-9-PMUX 1 i:|Blfi|{;:« 



1flH¥l 1 -3 1 2 9 5 2 

12 

fi)c^nTV^5©T•|5iB^^^I^}S1-5, Sfc^iJf^'y ^I^P^ 
HJl05^-^'?yS:f|3Sbff 5 i. o CfrXti 1 tti;'?© 

mmm v:-^ mmzn^s bff s » 

[0 0 2 7] BulBT:^O^iDfl:[ilKADD^3■OV^ 
TijiB^-rSo 0 6 (a) tt. HulBT'i-D^JoitlHlESAD 
D©-j^«fiKS^-rrn>y<^BIT'^5o itiiBg^fl&0<]|Ba 
miaJ^XOR l~XORn©^tB;'ja l~an<±, 

b-ris»te.nfcD/A^i^s (m) iDACf^A;^^ 

^nSo CI^Tn irli3tfcl^;a l~aiUi-€-n^tiMtr>^ 
h©T^-iJ'T-$)5i:-r5o 06© (b) «±D/ASilf§ 
(M) 1 DAC©«fig^^b. SlffeWiSiaffllHll^XOR 

©#fcbi;b tf h (c^n^n^jB bTiatt e>nfeMfli® 1 

tr>y h©D/A^^^^l DACtJ:5«fi£^nTl>5o 
§D/A^«S^ (M) 1 DAC*^^>tB;tj^nSH?Ifafflft!l 
WmSWIelESX O R 1 ~ X O R n©=&tfi©tH;^J As^gl^ 

[0 0 2 8] 0 7tt, H!itB7':f-D^iDS[[H]S&ADD©— 

«m«^js:^-r0T'$)So :i©0ijtts BuiBS^ffee^jissffiiH] 

SSXOR l~XORn©ai;^;^s HUlBD/A^gl^^/r 
d < f ©$ * BuIBSaSC^ l ~JD»i§M{3 A:t3 b 

i§ 7 1~ 7Moai^tt^ e> \zm^H^iimm 9 (w i ots 
tffi{c-?©bf>y h©a5^;^sr^b-ooiK-&*p#-r5^© 

T'> XOR l~XGRn®l±i;^;W®T:f-D^'ffii:^So 
[0 0 2 9] mWMl i\tXQR l~XORn®iiJ:t; 

X' 1 1. X' 2 1. • • • s X' N 1 ^zn^^\^tc^^ 
jMy'ify:^c\ i~cN i®ai:^$rif^-&b-r^£S^a*g 

-^4*b, d®^S$S-^®tB;t;{3StetitilelSS8 1 

ttj;^i®Jiaffj#ffi*5M{S^n-ri>.5o d^T-ci i~cn 

l'N®A;^S:X' 1UX*2U •••>X'Nli: 
■rsi:, ^□ficS7i®ai;bVo 7 (1) ®i:4o?} 
i:;&-5o **3C 11=C21=. . . . =CNl=Cf 



13 



Vo71-Vb = -i^ 



(8) 

- Vb) ■ Cil J2 



1 1 -3 1 2 9 5 2 
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Cfl 



N 



+ Vb 



(1) 



[0 0 3 0] «^5*Lft§aD^S9tt»n^^7i~7Mt3*f/^; 
ESI 0^£^tU^ Sfetili[H]SS®til;'j<i^»a^i'y«J^^> 

■T.cfvi^'DX^ox-tsvimm.^nx^^^o ci~cm* 

M 
i=l 



10 



■r^t)*.2i»-l, 2i«-2, 2 2, 2l, 2 0t]tfi?>J 
bfe^M^Wbs Cf i:C l~CMOM^ttiC (2) CD 
i:*t)T'fe5o SfeC l~CMfcM-rSA;t7«ffiS:V 1 
~VMi:-rSi:. ■tU;^«ffiVo 9{±iC (3) xmM^fi 

So 

[18(2] 

(2) 



Af 



Ko9 - yi = -i^i — = - X^2*-^ -Vi + Vb 



Gf 



[0 0 3 1108 \i^mmmmwMm 8 i c f i . c 20 

1 1~CN 1 i:i:*){i?NLfc'fecD-t-ag) t), SMMU^m 
tt3|S©CM0S-l' >>'t— INV U. INV2. IN 

v3Sia^jb-r^.i)o ia7T•^i#BS^^^■rv^s*^ cf 
t^mm^ti. Mux6iicf itB;^;«!i&stetiiHiHis&a3 

;f3Sfc{iSip«jE V r e f \zmmt^. MfetiHlHli^© 
A;(3 tt;^ -f S W 6 2 J; ^ T y ^ > h- fCg^M nflgT- 
SfeCf 10AtB:^;H:;^-i' ^i/^^SWe 1 ti^T 
S*SqltgT-afe2,o MUX6<&Vr ef (CjgigU A^OS 
W6 1 §fflj5K-rS3i:{;J:»3s Cf l©«^^i±«??^$tl 30 

<tr3.TS«it*ilHlS& I N V 1 ©y- b A;'J&^/^ > 
jg^b^ A^oSWei^MM^Si:. ^CMOS-f^-yt 

Pjt^C 1 1~CN ICDXtJlZl^-rjly^yui^VMUX 1 
1~MUXN 1 ASjgi^^n, Cinv;!/^^^"^^-^-};^^^ 

Tc 1 i~cN itt^n^nx' ii~x'Nis:t{± 

CI l~CNl{iVref tSl^^nSo 
[0 0 3 2] StetiBHSgS 1a|g^'>^^•-^i:m 40 
2|g'i'>>'t-^cDra{^M0SJfiJn;MR l*sg^i^$tL. ± 

Aai:*;ra{riiMO SJginiMR 2 *J:Uf:^^^iiy<J' C 

CO 0 3 3] HriiKBoj;d{c> mJiBX-f >y5=-SW6 2{::j: 
-!3S«iiliS8-l'^-^-U---7-tt^tT5-C-^4sx--^:^ 

^iKtr-^^W^^cD^S'-f i >yT% dCDJ^-Y ■^'^^•SW 
6 2^&MSc1-s::i:tJ;^3f^a«;^r^£^aM■r53^AST- 50 



(3) 



i=l 



StetfUSB 1 ^;^'J-7'tt.^i:b-r3!iDSSADD®« 

i;;^^S'CAL-REG 1. CAL-REG2®ffl]^i;f^ 
^nt)tlX^>^o ^ZLX. HufBMStVi^;^^CAL-R 
EG l:feiUtCAL-RE G 2 S:fflMtr-^CD^ -f ^ > 

U BfIf3SI» i?;^ ^ C A L - R E G 1 

43J:l5CAL-REG2 i: bT^ 1 ^ D y <>T'ffiicCD|g 

[0 0 3 4] ^■t^ BufBH7{:rg^bfe|l3S®B^T-i±, 
Buia»fWiftSSlIelS&XOR l~XORn©aS;t;^^® 

^^mmTi-vi/i]mm<DX^\zmwi.x\^rzi^. , 

iS5 V H jo J; t^fjg 1/ ^;u«E V L ^«^-r 5 :i 

ffiS#t|s&-rsJ:o{;b;t^SS®ffJ^{cov^T> 0 9 4# 

fi^bTiJjB^rso i2i9c^-riotCs dcussoff^^T- 

i±> futBj*ffe6<]iraaW[Hl!^X0R©ai;t;X* 1 ~X' Mfc 

-^-n^n^^&bt-feu^^' sELi i~sEL I'mw 

lte>^^T*'!3^ ^-feW^^SELl 1~SEL IMOtB 
;^ttMi^:N-r S Hul3T:f-D <7JDp[||0 A:^7f!l©^ ^ y t i/ ^ 
>XtffiM^nSo §-lrl/i7>j^SELl 1~SEL1M 
ttt. A*«-^i:bmg|3A>?>^,l!&^n5iSil--<;u«E 
V H , ■ U ^;i'«£E V L * i V r e f i^-^^ 

^ *5-DTffiiJ«SM^ ii-bx mjia^rflba<jBraSln 01^ XQ- 

R©t:<i' hm;b*il>*U 7U';;i'a.$lJ0{i^CRAStt$& 
^tiTV^So ^bT, mifBg^fteWiiSW[HllSX0R©tt5 



(9) 



'^mW- 1 1 -3 1 2 9 5 2 
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VL^tatiU tulB U 7 U i^iMfi^ C R 
U^)U(Dt§s Hul3Sip«EVr e f 5i±l:t;-r-5 

CO 0 3 5] 01 0® (a) tt. [H]S&Jm^'h^<-rs 
0|ISS©ffJ,«T-{i> 2o®S^ft!iS«jfiaSl|p]SS®tii;^tS 
Ti-v ifimm^OXt; Sr 5. -r d i: A^T- § 5 , 

So mi oo (a) iz^^-rx^iz. :i<Dmm(DBmiz:fi 

lif^-tl^i'^ S E L 2 1~SE L 2Mttt. Umm^t 
bTs ^l©S^fte6^iBSW[elE&X0R 1 hl|2©g^ffea<] 

2 *5 i BdflB u 7 JL mmm^ cRt^xti^nx^^ 

5o d ©SliS® JFJ^®-fe 1/ ^ ^' S E L 2 1~SEL2M 
ttHi 0© (b) C-^-rKMa{c:bfeASoTm*«ffi 
VH. Vref$>^l^itVL^mtR\.Xtiitir?>o S 
fe^ U 7U-;'i/j.$iJWt-^CRdS-'N-i' U^JU<Dii^J,Zii 
aS^mVr e f ASfcH;^;^n5o d®iot> ^©IISS 
®^fJX§{cJ;nH^ 2o®g^ftfeS<j|ftSISlIl]SSX0R l:fej; 
Z>'XOR 2{;:-oi>T l-o©«EEm;^ASf#?)n> 7':^D</ 

[0 0 3 6] HI lJi*^H^OV>v9^K7-<;i/^©||2 
^— M^v;^iJ'SFREG7 1> SFRE* 
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* G 7 2 A:^ LT^ Wimmz^^y Yt^<. c:®:®^{c 

y M/i^;^iJ'®^ISoai;t»ttmiH3i:[5]a®-bu>><s^SE 
L 1 ~S E L n^3A:tr^tl^ -€-®^IS;®}^^ftefitll&Stl[Bl 

[0 0 3 7] 0 1 2iiHuf3A/D^|^[Hlg&®tH;^;<&^-^ 
n^'rV^)\^7'—^ t bfel?Sfi®ffJ,^T'S-5o dOHC 

mi-id mmA/D^m^m^^it. j^fs^mi- 

10 c:ne>a. stt, BuiB®J®-&i:lR]1t(3, 7^— ^J^Ui^ 
;^^?yR 1 1~R 1 n*5J;UtR2 l~R2n{;A±r? 

-bU^^SEL l~SELnt J:-DTUi^;^^5'?iJR 
1 1~R 1 nSfeliR2 l~R2n*53llR^nSc SE 
L l~SELn®tB;'3®a*.^^tf5' h s l~Snl±g^ 

a 1 ~a nlifiSinfltmSE&A D D 2 C A^^n-So 
[0 0 3 8] la 1 3 {i, mtm 1 2 lZ7jk-ri]QW-\B\mA D 
D 2o«fiR$:mt-|aT-a&So d©iafc:m-rJ;oC, ttilB 

20 br>;;h$:|^<) {C^^E;b^:M^@®/J^ADff[llSSAD D 2 S 
l~ADD2SM$*b> dn6'J^ADi[|fi]ESOtBi3ttite 
-^AD^HE&fCA^/^tlTV-'So M^iDSCIUE&lix ^i!t© 
^"^^^i^^yxCQ 1 1~C 9 IMJ; !3 55:-5^M;^-^® 

ai;'j$r. Meti*i[ii^iNV9 iizxtii.. ci®steJi 
iiiiHisi NV9 1 (Dxmti^'mm^^^'^iy^yT.ct 9 
t i o Tg?^ bT s o d <Dm-^%mmm\-t^'i^i]mm 

ES©m:tf5:-^©tf-> h©fiJ^{::/iSbJta55i^^t,^TiD# 
fSo ddtdr-\'y1S^^>;:^C 9 1 1~C 9 1 lyU±2 
m-1, 2II1-2, 2 2. 2l, 2 Ofctfc^tJ bfc§S:^&W 
30 bs Cf 9i:C9 1 1~C9 lM®M^{iS; (4) ©i: 
*5>)Tfe-2)o d©i:§ADD 2©ttl;t»Aoutli^ 

(5) T-«S^n.5o 

CSf3] 



C/9 = X^C91i 



(4) 



Acmt -Vb = — ttt:^ = - 2'^^ • vli + Kfc 



C/9 



(5) 



i=l 



[0 0 3 9] EI 1 4 ji, HiFf30 1 3 \Zii»^'h1im^m 

ADD 2 s®«fig5m-r0T-fe?)o d®ia{cm-rj:-5 

HulB'MDffHISSAD D 2 S 1 tt^^tr>;/ h 
®S^fteS<]firSW s 1 ~s nAS$iJfflIfi-^i: bTA;fj^nfe 
•fel/^^'SELg l~SEL9nS#b, Cin5>-feL/^' 
^5'SEL9 l~SEL9n{Cl±aip«J=EVr ef *"J;t;f 
r~a hAS7^:^ $nT V> 5o ■fe V^^' S E 
L9 l~SEL9n(i^®/±J^f^, C 1 

0 1 1~C 1 0 1 nJ;!3^cS^ai^-&, ^fcfiC 1 0 2 



50 



i~c 1 0 2niir,tiih^mm'^iz^n^nm<o ^m. 

i^-^ (C 1 0 1 1 ~C 1 0 1 n) oai;bttStetii|i[HlSS 
I NV 1 0 1 tg^i^^n. INVl O l©tB;tJtt!l§S=3r 
^/ti/^^>;^Cf 1 0 l{3j;t3T^©A;fj};^M$nT 
l>5o (C1021~C102n) ©fcti:/j*5ct 

l>'Steti*ilHlSS I N V 1 0 1 ®(±i;^7(i. ^^/My^f >^ 
C C 1 i 5"*c 5gSi^^{3i^TEKiiiS[H]E& TN V 1 
0 2{Cfig^^n> INVl 0 2(D\litlki'mm^^^'^iyi' 
>P^Cf 1 0 2 $r/rbT'eoA:*{3g!M^nTl>So ^£ 



(10) 



!^m^ 1 1 -3 1 2 9 5 2 
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*3ADD 2 S 2~ADD 2 SMJiADD 2 S 1 tm^lZ 

MfiK $ n T V ^ 5 CD T- 154 ^fe # BS -r 5 o 
[0 0 4 0] c:cDJ;3&ffifiS;^c*^,^T^ n^i^^^htm 

m.t(DxoRmnmmi)^ I'oj (ie) ©ii^-bu^^a 

Xtj^^mi^-^ (C 1 0 1 1~C 1 0 1 n) 
rij (S) Ofc^C 1 0 2 1~C 1 0 2 nt?g<. /JN 



Al-Vb = 



CCl 
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* OSS i: J: 4) (3, ^ (6) CDA 1 T-S^^nsSDMSC^H 
frfSo ^c:teC1011 = C1012 = . . . =C10 
ln = C1021=C1022=. . . =C102n = 
CC l/n=Cf 1 0 l/n = Cf 1 0 2/'niiL. ^ 
?>{3S; (7) . (8) CDMIlASfi£iiTS*.Oi:-rSo 



C/101 • C/102 Jrt 

1 " _ 
• oi + si 

=1 



C/102 J 
— ^{{si — si){ai — Vre/)} 



ai + 5i • Vre/) - Fi} • ClOli 
Vref) - Vb} • ClQ2i 



n 



(6) 



i=l 



C/101 = 53 ClOli (7) 



CCl = C/102 = X)C102i (8) 

[0 0 4 1] isiii^ rnVSMQ. mi^^xj^mi 3cDio ^m(Dw^m<Dfz^a^mm^m\^s wmmKDiimmi \vz 
tb. :itnz\:^y hm^^m[:^xi}m-r^mmz^^x. i~cNHc^i*iL.fciyi;x^>;^Ri i~RNi<tD 

m^t£. m7(DX0RltiitjX' 11~X' IMiZlctL 'SSUv'^^V^i^^^StetifSlHlS&S 1 RCcSMbT 

xif^y hm?f-icMF&brcm^mun^^^\ mm(Dmm- ^c?), steJi*iiHiE&®i±i;t;(±!i§ifiixi^^^>;^Rf i {;i 

<&X0R2~X0Rn{3OV^TfTt>Ts ^CDi^*<&*J^ J;^T^CDA;bf3g?i^^nT(/^5. &b i^J^^J' >;3^ R 1 

iD»-rsc:i:*)nit6T-$)S<, fib^ m^mnnMmi^m l~RN 1 t:^-r-5A;ty$rX' 1 i~x' Nifcb. N 
*Db^ ^■\'.'1'>^'>;^fMfflfci*0^tt:^^^V>^7>;^ 30 • Rf 1 =R 1 1 =R2 1 =. . . =RN1 frSfcs 

«*stiAn-rs^s ^^mMit^tti^?>o mtivo lo utA O) -e^is^nso 

[0 0 4 2] HI 5 i4. mMTi-ayMm-^^(DmcDm^ [iif5] 

^ (^'»1 - Vb) 

^ Ril 1 ^ 

VolOl-Vb^-'^ J = -±'^X'il + Vb (9) 



[0 0 4 3] 016 itMn\^^(D^ ib> \zm(DmMmm 40 

©fe46CD«fi)c^&^b> 0 7®SJ9^{t^*ng[S9(3*t/iS;b 
fcfi*!*^ft§*D»S9 R^ia^^-rSo a<5^{t§AD»S9R 
ttC 1 ~CMir*fiSbfcbi^;^;S'>;^R 1 ~RMJ; !3^C 
§Ut;;^<J'>;^ifg^«:fiteiii|ilplSSl ORtg^MbT:^ 



Steti*Stilg&©ai;t;tt'j*aus^;^^5'>;^Rf cj:^ 

T^OA±;{3S;^^^^TV^So =&bi^;^^J'>;5lR 1~R 
M{C^-rSA;tl5:Vo 1 0 l~Vo 1 OMfc-rSi:^ M 
Rf. R l~RM(Z)SH^ttS (10) ©idt^S^ 

fcB;t»Aout<is (11) T-^m^nso 



(11) <^mW-l 1 -3 1 2 9 5 2 

19 20 
Rf = RM = - 1 = - 2 = . . . = (10) 



J22'-^ -VolOi + Vb (11) 

i=l 

[0 0 4 4] 0 1 7tt, BtHBHSOCMO S-r ^J' 10 [0 0 4 7] 

SSIEti*alH]i^C#^TMOSat!jti*iSDAMP^<a [^B^CDJ^:*] BUi£®i:*Jt)v *^B^t^S x' «;/5=- K 7 

(Dtatit^T) AMP (Ds.mx:f]izmf^^ti. 4¥s.mxti-tfi v't^^jv^'—i'tLxu^Ls i t^offisjc^^i:© 

[0 0 4 5] lai Qitmi 7(DDAMF(Dmmmt:fn-r mmmt]t\.^o!^m^um^-^-^mmmm^±mi^m'h 

MPfiSiivd d I s iKDfsxmi'itzmm^ imm(Dnm-'3im.mi 

nfcMOS h5>i^^^5'*tT 1 3 1. T 1 3 3*>J;l5C [01] ^^^BSCD v-^f^ K 7 -f ^U^J' ^fflV^feD S - C 

tvi:Mlv^i:b7>i^;^^^T 13 2. T 1 3 A.-kmt. 20 DMA-b;U5S>;^7"ACr)fg-^§«^acD— 

T13 1. T 1 3 2{i^CDy-hASfflStj|^^^tls ^ ^-TT-D >y ^ElT'fe-5o 

e.{-T 1 3 SCOKU-f >{c:SE^^^^TV^5, A:t(©^V [^2] *^0^{3{^5V>y5=-K7^;U^CD— HiSSOff^ 

i 1 3ttT 1 3 300-^- h{CA;^^tl> T 1 3 4©>y- ffi^g^^'TzT'D >y ^ElT-$)-5o 

htt^tt^nTV>5o -eUTT 1 3 4® KU-f >Asai;tJ. [H3] lRl2{3rNUfcx'>y^h-7^;i/^C*J(tSffiiS: 

■^swv3!)SA:*j^nx isai s^jgwbTx DAMP^ [gi4] m^2^zilB»^m^^)^y^y^y f>-^(Dm^m-^ 

;^ri»*ff±u#5, [1215] nm^-'^(D^'i ^yif(Dmm.^wLm't^tz 

[0 0 4 6] 01 9tt. ]M±OV>y5^K7-^;U^^®ffl to®EIT-fe-5,. 

UfcD S-CDMAfflfi-^Sfg^aoffeOUffiroffJffi* 30 [0 6] 0 2 bfcv H 7 
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